7075-T7351 7075-T7651 Mechanical Properties Plate Thickness Effects

ABSTRACT (Continue on reverse aide if necessary and Identify by block number)
7075-T7351 and 7075-T7651 aluminum plates of varying thicknesses were mechanically tested to verify certain design allowables used in the initial B-1 design. For the 7075-T7351 alloy,tensile and compressive strengths decreased slightly with increasing plate thickness. 7075-T7351 shear strengths increased very slightly with increased plate thickness. Bearing strengths varied noticeably with plate thickness, therefore requiring two data sets to characterize design allowables. This variation was at least partially due to different specimen location. 
BACKGROUND
During the early 1970's, the initial B-1 bomber design specified the use of 7075-T7351 and 7075-T7651 aluminum plate in certain damage tolerant critical locations. Since that time however, the Aluminum Association has agreed that they would guarantee fracture toughness only for a new generation of alloys specially processed for improved fracture properties. In the case of the B-i, the appropriate replacement for 7075 plate would be 7475 plate and it has so been selected for production.
In reviewing all the design properties for these respective alloys, it was noted that shear and bearing properties reported in MIL-HDBK-5 for 7475-T7351 and 7475-T7651 were lower than values reported for 7075 with respective tempers. The 7075-T7351 and -T7651 property data were generated in the late 1960's under less stringent statistical requirements than those now in effect. The 7475-T7351 and -7651 allowables were approved in the late 1970's and were analyzed under the new guidelines requiring a larger number of different lots of material.
In order to assist the B-1 SPO and at the same time statistically reanalyze 7075-T7351 and -T7651 for MIL-HDBK-5, the Systems Support Division (MLS) conducted test programs to obtain supplemental data.
Plate material for the program was supplied by Lockheed, General Dynamics, Sikorsky, Alcoa and McDonnell Douglas in thicknesses ranging from 0.375 to 3 inches. Tensile, compressive, shear and bearing tests were performed by the Systems Support Division (MLS). The data generated by this program and published in this report has been submitted to Battelle, Columbus, Ohio for additional analysis and eventual incorporation into MIL-HDBK-5. Table 1 lists these suppliers and thicknesses.
2. SPECIMEN Figure 1 shows the test specimen orientation with respect to the rolling direction of the plate. Test specimens were machined from the plates as shown in Figures 2 -5. All specimens excised from plates 1-1/2 inches thick or less were taken from the center thickness location while all specimens from plates greater than 1-1/2 inches were taken from the 1/4 thickness location. These locations are specified by ASTM Standard B557 and AMS Standard 2355.
TEST PROCEDURES
Tensile tests were performed in a 20,000 lb. capacity Instron tensile testing machine. A 1/2-inch Instron extensometer was used on the short tensile specimens while a 1-inch Instron extensometer was used on the round tensile specimens to obtain strain measurements. ASTM Standard E8, "Tension Testing of Metallic Materials," was followed.
Compression tests were governed by ASTM Standard E9, "Compression Testing of Metallic Materials at Room Temperature." Dual strain gaged specimens were tested on a Satec compression sub-press mounted in a 20,000 lb. Instron machine.
The 20,000 lb. Instron was also used to conduct shear tests. No ASTM standards for shear testing exists. Specimens were sheared using a double shear tool.
Bearing tests were performed in accordance with ASTM Standard E238, "Pin-Type Bearing Test of Metallic Materials." Two edge to distance ratios were tested; e/D = 1.5 and e/D = 2.0. Again, testing was performed using the 20,000 lb. Instron machine.
In all cases, tests were conducted in laboratory air at room temperature and 20 -30 percent relative humidity.
AFWAL-TR-83-4128 SECTION III RESULTS AND DISCUSSION
The tensile, compressive, shear and bearing test data for 7075-T7351 and 7075-T7651 are presented in Tables 2 and 3 Shear and bearing properties behaved differently than tensile and compressive properties as plate thickness increased. Shear and bearing test data were plotted as shown in Figures 9 and 10. From .325 to 1.50 inches of plate thickness, both shear and bearing strengths decreased between 1.5 and 1.75 inches of plate thickness, shear and bearing strengths increased noticeably to a maximum. As plate thickness increased from 1.75 inches, shear and bearing strengths again decreased. The inflections at 1.5 and 1.75 inches of these plots suggests that the specimen location determines the properties of the material. For thicknesses up to 1.5 inches, specimens are located at half of the plate thickness. For thicknesses greater than 1.5 inches, specimens are located at one quarter of the plate thickness. By using two different specimen locations, thickness/2 and thickness/4, as specified by test standards, two different data sets result.
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The shear test data varied by a greater amount from the original MIL-HDBK-5 data than any other data. It appears that the variation was due to the test fixture design which is a conventional double-shear tool. The double-shear tool lacks rigidity and provides less support to the shear specimen. These two factors are believed to account for the lower shear values obtained. In order to correct for these inadequacies a heavier shear tool, such as the Amsler shear tool, should be incorporated in a test standard.
7075-T7651 plates in 1.75 and 2.25-inch thicknesses were also tested. The L-T ultimate and yield tensile strengths were greater than the S-T ultimate and yield tensile strengths. Also the tensile compressive and shear strengths of the 1.75-inch plate were slightly greater than the strengths of the thicker 2.25-inch plate. This was also true of the bearing tests performed in the L and L-T orientations. Since only two plate thicknesses were sampled and there were limited data, plots were not constructed for 7075-T7651. Tensile and compressive strengths decrease with increasing plate thickness for both the T7351 and T7651 conditions. 7075-17351 shear and bearing strengths are affected by plate thickness and specimen location within the plate. As plate thickness increases, shear and bearing strengths decrease. To compensate for the varying bearing strengths, two data sets should be used for analysis. One data set should be used for plate thicknesses up to 1.5 inches (T/2) and the second data set should be used for plates greater than 1.5 inches thick (T/4).
A shear test jig and test procedure should be standardized, since variations in testing can yield a variety of results.
Although 7075-17651 appears to behave like 7075-17351, more plate thicknesses must be tested. 
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